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Abstract. Primary malignant melanoma of the esophagus
(PMME) has been reported to be a rare and highly malignant
disease, and to date a standard treatment strategy has not been
established due to limited evidence. The aim of the present
study was to investigate the clinicopathological characteristics
of this extremely rare disease. A total of 6 out of 2,093 patients
with PMME treated in our institution between 1995 and 2016
were retrospectively analyzed and their clinicopathological
parameters including treatment course and long-term survival
were investigated. The major clinicopathological characteris-
tics of patients were that they were >70 years of age, male sex,
dysphagia at first diagnosis, and macroscopic black protruding
tumors located in the lower third of the thoracic esophagus.
Four of the five patients receiving pretherapeutic endoscopic
biopsy were correctly diagnosed with PMME, and two patients
received preoperative treatment with ineffective histopatho-
logical responses. There were two unresectable cases, one was
treated with an immune-checkpoint inhibitor and the other
received palliative care. Three of the four patients receiving
curative surgery developed hematogenous recurrence within
two years of surgery and only one patient with pT1aNOMO
achieved long-term survival. The median overall survival of all
six patients was 19.6 (6.4-40.5) months. Patients with stage I
disease exhibited significantly more favorable prognoses
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than those with stage II-IV (P=0.025) and surgically-treated
patients had significantly better prognoses than those who
did not receive surgery (P=0.018). In conclusion, PMME
was associated with highly malignant features and tended to
develop hematogenous metastases even after radical resection.
Early diagnosis appears to be important to cure this refractory
disease.

Introduction

Primary malignant melanoma of the esophagus (PMME) is an
extremely rare disease accounting for only 0.1 to 0.5% of all
primary esophageal malignancies (1). PMME is reported to be
a dismal prognosis and develops multiple metastases even in
early stage disease (2). Early detection of PMME has recently
increased due to the relatively high prevalence of medical
examinations and advances in diagnostic technology (3).
However, prognosis remains poor due to the high metastatic
potential of this disease. There are only a few reports of single
or several cases of PMME, and a standard treatment strategy
has not yet been established due to its rarity and the absence of
strong evidence (4,5). Previous multi-institutional retrospec-
tive study conducted by the Japan Esophageal Society reported
that the standard treatment of esophageal malignant melanoma
was radical surgery, but its indications and additional options
including chemotherapy, chemoradiotherapy, and endo-
crine therapy required careful thinking, and further studies
were warranted (6). In addition, immunotherapy including
immuno-checkpoint inhibitors has been an additional novel
therapy in recent years, and has attracted attention as a useful
treatment for cutaneous malignant melanoma (7).

Additional studies of PMME treated with various options
are needed to understand the characteristics of this disease
and establish a standard treatment. The present study therefore
aims to review the clinicopathological characteristics and
analyze the survival of six patients diagnosed with PMME at
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our institution and to summarize previously reported cases of
PMME.

Patients and methods

Patients. The present study was approved by the Institutional
Review Board of Osaka University Hospital (approved
project no. 18190), and it conformed to the provisions of
the Declaration of Helsinki. Written informed consent was
obtained from all individuals in the present study. Six of
2,093 (0.29%) patients with esophageal cancer treated at
our institution between January 1995 and December 2016
were diagnosed with PMME and retrospectively analyzed.
We investigated the clinicopathological characteristics of
these patients including clinical symptoms, demographics,
tumor characteristics, treatment courses, chemosensitivity,
and survival. All patients were staged based on the seventh
edition of the TNM classification as established by the Union
for International Cancer Control and the clinical response to
preoperative treatment was evaluated based on the revised
RECIST guideline (version 1.1) (8,9). The histopathological
response to preoperative treatment was evaluated by the
percentage of residual tumor volume compared to the esti-
mated tumor volume prior to preoperative treatment and
categorized according to the Japanese Society for Esophageal
Disease: Grade O (ineffective), grade la (slightly effective,
with a residual tumor that covers more than two thirds of the
tumor bed), grade 1b (slightly effective, with a residual tumor
that covers more than one third of the tumor bed), grade 2
(moderately effective, with a residual tumor that covers less
than one third of the tumor bed), and grade 3 (markedly effec-
tive, with no residual tumor) (10-12).

Preoperative and surgical treatment. Preoperative chemo-
therapy consisting of three cycles of the DAV regimen,
dacarbazine 100 mg/m? (days 1-5), nimustine 50 mg/m? (day 1),
and vincristine 0.5 mg/m? (day 1), was administered for patients
with pathologically diagnosed cT1N2 PMME according to the
standard regimen for cutaneous malignant melanoma (13).
Preoperative radiation (50.4 Gy/28 Fr) with the DCF regimen
consisting of docetaxel 30 mg/m? (days 1 and 8), cisplatin
10 mg/m? (days 1-5), and 5-FU 400 mg/m?/day (days 1-5) was
performed for patients with cT4aN1 esophageal cancer patho-
logically diagnosed as SCC by endoscopic biopsy, based on
the indications at our institution as previously reported (14,15).
Surgery for PMME was carried out according to our stan-
dard surgical treatment for thoracic esophageal cancer and
consisted of a subtotal esophagectomy with two or three field
lymphadenectomies, reconstruction of the gastric tube via the
retrosternal or posterior mediastinal route, and anastomosis
in the cervical area from the cervical incision, as previously
described (16).

Immunohistochemical staining. Biopsy samples and
resected specimens were fixed in 4% formaldehyde.
3.5-um thick sections were prepared from formalin-fixed,
paraffin-embedded (FFPE) blocks and hematoxylin and
eosin (H&E) staining was performed. Antibodies used
for immunohistochemical staining included anti-HMB45,
anti-Melan A, anti-S100, and anti-cytokeratin (CK) AE1/AE3.
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The label was developed by 3,3'-diaminobenzidine tetrahy-
drochloride (DAB). HMB45, Melan A, and CK AEI/AE3
expression was found in the cytoplasm and S-100 was local-
ized to the nucleus. Brown tumor cell cytoplasm or nucleus
staining was considered a positive result.

Statistical analysis. Data are presented as mean values plus
standard deviations or median values plus regions. Overall
survival (OS) was defined as the time from the date of the first
medical examination to the date of death from any cause or the
date of the last follow-up, and recurrence-free survival (RFS)
was defined as the time from the date of surgery to the date of
recurrence. OS was estimated by the Kaplan-Meier method,
and significant differences between groups were tested with the
log-rank test. P<0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed
with the SPSS Statistics software program, version 22 (IBM
Corp., Armonk, NY, USA).

Results

Clinical and tumor characteristics. The clinicopatho-
logical characteristics, treatment courses, and prognosis
of all six patients are summarized in Table I. Images from
endoscopic examinations, CT and PET-CT imaging, and
resected specimens are shown in Fig. 1. The median age
was 76 (55-84) years, and 66.7% (4/6) of the patients were
male. Three patients (50.0%) had dysphagia and another
three patients (50.0%) were referred to us following the detec-
tion of an esophageal lesion during a physical checkup at
another hospital. Tumors were located in the upper (16.7%),
middle (16.7%) and lower (66.7%) third of the thoracic esoph-
agus as shown in Fig. 1. The median length of the tumors was
60 mm (range, 29-80), and endoscopic examination revealed
a dark gray protruding lesion in four patients (66.7%), a dark
gray superficial lesion in one patient (16.7%), and reddish
protruding lesion in one patient (16.7%). All patients received
endoscopic biopsies before treatment with the exception of
one case (16.7%), due to physician concerns about bleeding
and dissemination associated with the tumor lesion (patient 1).
Of the patients who received endoscopic biopsy, four (80.0%)
were correctly diagnosed with PMME while one (20.0%) was
misdiagnosed with poorly differentiated squamous cell carci-
noma (patient 4). Four of the five patients (80%, patients 2, 3,4,
and 6) who received "*F-fluorodeoxyglucose-positron emission
tomography/computed tomography (F-FDG PET/CT) showed
abnormal uptake in the primary tumor (maximum standardized
uptake value (SUV,,,.), 5.67,25.6,23.4, and 15.8, respectively).
All patients received TNM staging and were diagnosed with
cT1/2/3/4: 3/0/2/1,cN0/1/2: 2/3/1, and stage I/TI/III/TV: 2/0/3/1,
respectively.

Treatment courses. One patient (patient 3) had distant metas-
tasis in liver, muscle, and bone (cStage IV), and palliative
therapy was indicated in consideration of his advanced age
and poor performance status. One elderly patient over 80 years
of age (patient 6) was treated by immunotherapy with the
immune-checkpoint inhibitor nivolumab, and received two
cycles of this regimen without any adverse events. Response
evaluation revealed stable disease after two cycles of anti-PD-1
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Figure 1. Representative examples of imaging results and resected specimens. Red arrowheads indicate tumors on CT and FDG-PET CT images. Patient 1:
(left-hand panel) endoscopy revealed a protruding-type tumor with a gray-black color; (right-hand panel) Resected specimen. Patient 2: (left-hand panel)
endoscopy revealed a protruding-type tumor with a reddish color; (center panel) the top left and right panels show the CT images. The bottom left panel shows
the FDG-PET CT images; SUV max, 5.67 abnormal FDG uptake in the tumor; (right-hand panel) Resected specimen. Patient 3: (left-hand panel) endoscopy
revealed a protruding-type tumor with a gray-black color; (right-hand panel) the top left panel shows a CT image. The bottom left and right panels show
FDG-PET CT images; SUV max, 25.6 abnormal FDG uptake in the tumor. Patient 4: (left-hand panel) endoscopy revealed a protruding-type tumor with a
gray-black color, the surface of which was covered with necrotic epithelium; (center panel) the top left panel shows a CT image. The bottom left and right
panels show FDG-PET CT images; SUV max, 23.4 abnormal FDG uptake in the tumor; (right-hand panel) Resected specimen. Patient 5: (left-hand panel)
endoscopy revealed an ulcerative superficial-type tumor with a gray-black color; (center panel) the top left and right panels show CT images. The bottom
left panel shows FDG-PET CT images; no abnormal FDG uptake in the tumor; (right-hand panel) resected specimen. Patient 6: (left-hand panel) endoscopy
revealed a protruding-type tumor with a gray-black color; (right-hand panel) The upper left panel shows a CT image. The lower left and right panels show
FDG-PET CT images; SUV max, 15.8 abnormal FDG uptake in the tumor. CT, computed tomography; FDG-PET, "®F-fluorodeoxyglucose-positron emission
tomography; SUV mas, maximum standardized uptake value.
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Table II. Hematoxylin and eosin staining and immunohistochemistry results of 6 patients with primary malignant melanoma of

the esophagus.
Immunohistochemistry
Case no. Sample type H&E HMB45 S-100 melan-A CK AEI/AE3
1 Resected specimen Melanosis NE NE NE NE
2 Resected specimen Melanosis + + NE -
3 Biopsy Melanosis + NE NE NE
4 Resected specimen Melanosis + + + -
5 Resected specimen Melanosis - + - NE
6 Biopsy Melanosis + - + -

H&E, hematoxylin amd eosin staining; HMB45, human melanin black 45; CK, cytokeratin; NE, not evaluated; +, positive; -, negative.

Figure 2. Representative images of H&E and immunohistochemical staining of primary malignant melanoma of the esophagus sections. (A) H&E staining;
magnification, x40. (B) H&E staining; magnification, x200. (C) Positive immunohistochemical staining with human melanin black-45 antibody, magnifica-
tion, x200. (D) Positive immunohistochemical staining with S-100 antibody, magnification, x200. (E) Positive immunohistochemical staining with Melan-A
antibody, magnification, x200. (F) Negative immunohistochemical staining with cytokeratin AE1/AE3 antibody, magnification, x200. H&E, hematoxylin and

eosin.

antibody (Nivolumab) therapy. However, the performance
status became worse over the course of treatment because
of the advanced age and severe comorbidities. Therefore, the
patient could no longer tolerate another cycle of anti-PD-1
antibody and thus received supportive care. The patient
diagnosed with cT1bN2 PMME by endoscopic examination
without biopsy (patient 1) received preoperative chemotherapy
with three cycles of the DAV regimen as previously described,
and the clinical response to preoperative treatment was stable
disease (SD) according to the RECIST (ver.1.1) criteria. The
patient misdiagnosed with cT4aN1 squamous cell carcinoma
by pretherapeutic endoscopic biopsy (patient 4) received
preoperative chemoradiotherapy with two cycles of the DCF
regimen with concurrent irradiation (50.4 Gy/28 Fr), and the
clinical response to chemoradiation was stable disease (SD).
Four patients including those treated preoperatively received
curative surgery and no postoperative complications occurred

in any case except one, who developed anastomotic leakage
which required treatment with drainage only.

Histopathological findings. Pathological TNM staging was
pT'1/2/3/4:3/0/1/0,pN0/1/2: 4/0/0,and pStage I/1I/111/IV: 3/1/0/0
in all cases. Histopathological examination of the two patients
who received preoperative treatment revealed persistent viable
cancer cellsinresected specimens, and the histological response
to preoperative treatment was grade 1a. Immunohistochemical
and H&E staining findings are summarized in Table II and
representative findings are shown in Fig. 2. Tumor cells with
melanosis were identified by H&E staining. Positive immuno-
histochemical staining for HMB45, Melan, and CK AE1/AE3
was found in the cytoplasm while S-100 staining was localized
in the nucleus. H&E staining of the primary tumor identified
melanosis in all six patients with PMME. HMB-45, S-100,
and melan-A positive staining was identified in 80.0% (4/5),
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Figure 3. Kaplan-Meier OS. (A) OS in all cases. (B) OS according to Tumor-Node-Metastasis staging (pStage for resected cases, cStage for unresected cases).
(C) OS according to patients treated with or without surgery. OS, overall survival; MST, median survival time.

75.0% (3/4), and 66.7% (2/3) of patients with available immu-
nohistochemical data, respectively. In contrast, none of the
three patients with available data showed positive stating for
CK AEI/AE3 (Table II).

Survival of patients with PMME. None of the four patients
who received curative surgery underwent adjuvant chemo-
therapy and follow-up information was obtained for all of
these patients. Three out of four (75.0%) surgically-treated
patients developed distant metastasis within two years of
surgery, including liver in two cases (patients 1 and 4), lung in
two cases (patients 2 and 4), and bone in one case (patient 4).
Chemotherapy with the DAV regimen was used to treat
recurrent disease in two cases while palliative therapy was
performed in one case. All three patients with disease recur-
rence died within two years of recurrence, while only one
patient (patient 5) remained alive three years after surgery
without any recurrence. The median RFS was 19.3 months
(range, 3.9-37.9) for patients with curative surgery, while the
median OS for all patients was 19.6 months (range, 6.4-40.5) as
shown in Fig. 3A. Patients with stage I disease showed signifi-
cantly more favorable prognoses than those at stage II-IV
(2-year OS: 100 vs. 0%, log-rank P=0.025) (Fig. 3B) and
patients treated with surgery had significant better prognoses
than those treated without surgery (2-year OS: 75.0 vs. 0%,
log-rank P=0.018) (Fig. 3C).

Discussion

We summarized the clinicopathological characteristics and
survival of six patients with PMME. Four of five patients with
endoscopic biopsies were correctly diagnosed with PMME
before treatment, and most patients showed positive staining
for immunomarkers including HMB-45, Melan-A, and S-100,
and negative staining for the epithelium marker CK AE1/AE3.
Only two of the six patients were diagnosed at an early stage
and achieved long-term survival following curative surgery.
Two patients who received preoperative chemo- or chemo-
radiotherapy showed no obvious responses while another
two cases who received chemotherapy after disease recurrence
had poor prognoses. Most patients also experienced hemato-
logical metastasis or recurrence even after curative surgery,
underscoring the highly malignant nature of PMME and its
dismal prognosis.

The prevalence of clinicopathological characteristics
reported in the present study are similar to previous reports
indicating a PMME prevalence rate of 0.1-0.5% of all esopha-
geal malignancies (17-19). Patients are most commonly in
their sixties or seventies with a male-to-female ratio of 2:1.
Common symptoms of PMME include dysphagia, non-specific
retrosternal pain, and weight loss. However, these symptoms
are easily ignored and diagnosis can therefore be delayed
since the clinical symptoms are unlikely to be apparent and
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Table III. Literature review of PMME studies including >5 patients.

(Ref.)

1-year OS (%) 5-year OS (%)

Treatment (n) MST (months)

Stage (n)

Patients (n)

Author, year

) PUBLICATIONS

27)

10

50
33
88

19.8 (1-108)

S/S + CT/S + IFN/LA: 5/3/1/1

Lohmann et al, 2003 10 I/II/III: 3/3/4

Li et al, 2007
Yu et al, 2011

(28)

17

8 (5-54)
28 (11-72)

124 (2.1-114.1)

S/S + CT/S + RT: 1/4/1

I/I/II: 2/1/3

“)
(29)
3)
(30)
(€Y

20
36
10

NE

S + CT/S + CRT: 7/1

I/T/TI: 4/1/3
O/UTI/II/TV: 1/6/2/3/1

54
51

S/S + CT: 8/5
S/RT + S: 16/1

Wang et al, 2013
Gao et al, 2016

18.1 (unknown)

I/I/TI: 6/3/8

17
10
21

70

NE

34.5 (4-76)

10
S/S + CT/S +ICI/S + CT +

HI/IV: 5/5
I/II/III/NE: 3/6/8/4

Harada et al, 2016
Sun et al, 2018

NE

10 (1-40)

ICI/none: 7/1/3/6/4
S/CT + S/CRT + S/ICI: 2/1/1/1

ONCOLOGY LETTERS 18: 1872-1880, 2019

67 NE

19.6 (6.4-40.5)

I/IVI/IV: 3/1/1/1

Present study

MST, median survival time; OS, overall survival; S, surgery; CT, chemotherapy; IFN, interferon; LA, laser ablation; RT, radiotherapy; CRT, chemoradiotherapy; ICI, immune-checkpoint inhibitor;

NE, not evaluated.

specific. Of the six patients in our study, two cases diagnosed
at an early stage manifested no clinical symptoms and the
diagnosis was made at physical checkup. Three patients with
clinical symptoms and an additional patient with no symp-
toms were diagnosed at advanced stages. According to the
literature, PMMESs are located in the middle and lower third
of the thoracic esophagus in approximately 90% of cases,
probably because of the greater concentration of melanocytes
in these regions. Macroscopically, tumors usually show a
focally ulcerated polypoid mass mostly covered by intact
squamous mucosa. These findings sometimes lead to misdi-
agnosis of poorly differentiated SCC with endoscopic biopsy,
as seen in one of our cases. A previous study reported that
biopsies were conducted in approximately 70% of patients
and the diagnostic accuracy was approximately 80%, while
20-50% of patients are reported to be misdiagnosed with a
poorly differentiated carcinoma due to the absence of melanin
granules (20). In addition, the tumor characteristics of the soft
and polypoid mass may mask clinical symptoms in patients
with PMME, suggesting that physicians must consider the
fact that polypoid masses in the middle and lower third of the
esophagus may be special types of cancer, specifically PMME.
Immunohistochemical staining is a useful and reliable tool
for the histological diagnosis of PMME. The majority of the
resected specimens are reported to show positivity for immu-
nomarkers including HMB-45, Melan-A, and S-100, while
epithelium markers such as CK AE1/AE3 are negative, as seen
in the present study (21). However, accurate PMME diagnosis
before surgery appears to be difficult even with endoscopic
biopsy, and tumors lacking the characteristic dark surface and
microscopic melanin granules could be easily confounded with
poorly differentiated carcinomas. Our study also showed that
one of five patients was misdiagnosed with poorly differenti-
ated SCC and directed to chemoradiotherapy as preoperative
treatment, which was ineffective. Partial biopsy for cutaneous
malignant melanoma has been contraindicated due to the risk
of dissemination or metastasis, and therefore excisional biopsy
should be performed for lesions suspicious for melanoma. In
the past, biopsy for PMME was not conducted for this reason,
as seen for one patient in our study. However, a direct correla-
tion between biopsy for PMME and disseminated spread has
not been identified, and biopsy combined with immunohisto-
chemical staining is now widely conducted.

Multidisciplinary treatments for PMME including radical
surgery, chemotherapy, chemoradiotherapy, endocrine-therapy,
and immunotherapy are currently in clinical use, but PMME
cases with long-term survival are rarely reported and chemo-
therapy and chemoradiotherapy were found to be ineffective
for PMME in the present study. Immune-checkpoint inhibitors
including anti-PD-1 antibody (nivolumab) and anti-CTLA-4
antibody (ipilimumab) represent a novel treatment strategy
for malignant melanoma, were approved by the Food and
Drug Administration (FDA) in 2014, and are available for
use in PMME treatment in Japan. These agents have been
reported to demonstrate a substantial clinical benefit for
patients with metastatic melanoma with objective response
rates of 31.0-40.0% (22-24). In addition, several single case
reports suggested that the usefulness of immunotherapy with
nivolumab for PMME may be comparable to melanoma of
other organs (6,25,26). Additional studies with larger sample
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sizes are needed to establish the evidence for immune-check-
point inhibitor therapy for PMME.

The literature regarding survival of PMME patients
includes seven reports analyzing the prognosis of five or more
patients with PMME as summarized in Table III (3,4,27-31).
The survival rates of PMME patients appear to be dismal, with
amedian overall survival of 8 to 34.5 months and 5-year overall
survival rate of approximately 20% or less. Hematological
and lymphatic metastases are the most common patterns of
metastasis and the most common metastatic organ is liver in
all cases, followed by mediastinum, mediastinal lymph nodes,
lung, and brain (17). This is in agreement with the present study
in which four of six patients experienced hematological metas-
tasis or recurrence with a median survival time of 19.6 months.
Patients treated with curative surgery or who had cStage I
disease showed significantly better prognoses compared to
those without in the survival analysis in the present study, and
similar results have been reported previously.

The critical limitations of this study include the retrospec-
tive single-institution design, the greater than 20-year time
period, and a sample size too small to allow for conclusive
statements regarding PMME. However, since most previous
reports investigating PMME were also single institution-based
and included a much smaller number of cases than ours, the
present study represents one of the largest series ever reported.
Additional accumulation of evidence will be necessary for a
better understanding of PMME.

In conclusion, PMME appears to be a highly malignant
tumor with high metastatic potential associated with dismal
survival and which may not respond to chemo-agents or
radiotherapy. Diagnosis during the early stage and radical
resection may be essential for long-term survival in patients
with PMME. Although additional studies with a larger number
of patients are necessary to validate the significance of these
findings, the present report offers important information
that could ultimately lead to the establishment of an optimal
treatment strategy for PMME.
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